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HEAT-RESISTANT CERAMIC CORE WITH THREE-DIMENSIONAL SHAPE AND 
METHOD OF MANUFACTURING CAST BY THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a heat-resistant 
ceramic core with a three-dimensional shape and a method of 
manufacturing a cast by using the core. 

Description of Related ART 

A cast component made of a super-alloy with a 
complicated inner flow channel to cool the interior thereof 
is used for a turbine blade or a turbine nozzle for a gas 
turbine. Conventionally, such a cast component has been 
manufactured by a precision casting method, and a heat- 
resistant ceramic core is used to form a hollow flow channel 
with a three-dimensional shape inside the cast component. 

An assembly structure is used as the heat-resistant 
ceramic core (see Patent Literature 1) to form a complicated 
hollow flow channel with the three-dimensional shape. 
[Patent Literature 1] 

Official publication of Japanese Patent No. 502159, 

2003 

According to Patent Literature 1 "Multi-f ragment core 
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assembly for cast blade," the ceramic core assembly is used 
to cast a blade made of a super-alloy. As shown in Fig. 1, a 
plurality of core elements are assembled into a three- 
dimensional shape. 
5 In the multi-fragment core assembly of Patent 

Literature 1, a plurality of core elements 51, 52, and 53 
are assembled into the three-dimensional shape, so each core 
element is limited only to a shape with which the element 
can be individually manufactured. Therefore, if the shape is 

10 three-dimensionally complicated, core elements cannot be 
easily designed and manufactured, and often cannot be 
applied to the complicated shape. 

If a three-dimensionally shaped ceramic body (compact) 
is manufactured by a powder lamination shaping method, 

15 because an organic binder bonds the ceramic powder, the heat 
resistance thereof becomes poor, and the ceramic body cannot 
be used as the ceramic core for a heat-resistant alloy cast. 

SUMMARY OF THE INVENTION 
20 The present invention aims to solve the aforementioned 

problems. That is, an object of the present invention is to 
provide a heat-resistant ceramic core that can be used as a 
ceramic core with a complicated three-dimensional shape for 
application to a heat-resistant alloy, and a method of 
25 manufacturing a cast product by using the core. 

The present invention provides a method for 
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manufacturing a heat-resistant ceramic core with a three- 
dimensional shape that is used to cast a hollow flow passage 
in the interior of the cast product by precision casting. 
This method comprises a powder lamination shaping step for 
5 forming the ceramic core with a three-dimensional shape from 
ceramic powder covered with a resin, an impregnation step 
for impregnating the formed ceramic core with ceramics 
reinforcing liquid, and a sintering step for sintering the 
ceramic core that is impregnated to strengthen the heat 

10 resistance thereof. 

According to the above-mentioned method of the present 
invention, because the ceramic core with a three-dimensional 
shape is formed by the powder lamination shaping step, even 
if the shape is complicated, the core can be manufactured 

15 easily. 

Furthermore, because the formed ceramic core is 
impregnated with ceramics reinforcing liquid and sintered to 
strengthen the heat resistance thereof, the ceramic core 
formed by the powder lamination shaping having poor 

20 resistance to heat is made more heat-resistant and can be 
used as a ceramic core for a heat-resistant alloy. 

According to a preferred embodiment of the present 
invention, the aforementioned ceramics reinforcing liquid is 
colloidal silica, silica precursor, alumina sol, yttrium 

25 oxide sol, niobium oxide sol, or zirconia sol that forms 
ceramics by sintering. 



1 



4 

• » 

Using the above-mentioned method, any of these 
ceramics reinforcing liquids can be easily impregnated into 
gaps among grains of ceramic powder covered with a resin in 
the ceramic core formed by the powder lamination shaping. 
5 Subsequently, by sintering, the resin cover is thermally 
decomposed, ceramics are formed at the phase boundary 
thereof, the shape of the ceramic core can be maintained, 
and the resistance thereof to heat can be strengthened. 

Moreover, in the aforementioned sintering step, it is 
10 preferable to put the impregnated ceramic core into a bulk 
of deformation preventive powder having heat-resistance and 
heat the ceramic core together with the powder. 

Using this method, from the thermal decomposition of 
the resin covering to the forming of ceramics at the phase 
15 boundary, the whole surface of the ceramic core is supported 
by the heat-resistant powder so that deformation can be 
prevented. 

In addition, using this ceramic core, a cast product 
with a complicated three-dimensional shape can be 
20 manufactured from a super-alloy. 

Other objects and advantages of the present invention 
will become apparent through the following description 
referring to the attached drawings. 

25 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a configuration view of a conventional 



ceramic core assembly. 

Fig. 2 is a flow chart of the method for manufacturing 
a heat-resistant ceramic core according to the present 
invention . 

Fig. 3 is a flow chart of a precision casting method 
using the heat-resistant ceramic core manufactured according 
to Fig. 2. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention are 
described below referring to the drawings. In each drawing, 
common portions are identified with the same reference 
numbers, and overlapping description is omitted. 

Fig. 2 is a flow chart of the method of manufacturing 
the heat-resistant ceramic core according to the present 
invention. According to this method, the heat-resistant 
ceramic core with a three-dimensional shape, used to cast a 
hollow flow passage internally by a precision casting method, 
is manufactured. As shown in Fig. 2, the method of the 
present invention is composed of a powder lamination shaping 
step 12, an impregnation step 14, and a sintering step 16. 

In the powder lamination shaping step 12, ceramic core 
2 with a three-dimensional shape is formed by the powder 
lamination shaping method from resin-covered ceramic powder 
1. An example of the resin-covered ceramic powder 1 that is 
covered with the resin is zircon powder or silica powder 



covered with a phenol resin. 

An example of the powder lamination shaping method is 
a widely known laser sintering method whereby ceramic core 2 
with the three-dimensional shape can be formed directly from 
5 three-dimensional CAD data. 

In the ceramic. powder 1 that is a material of the 
ceramic core 2 formed by the powder lamination shaping 
method, the resin film on the surface of each grain thereof 
is molten and grains are bonded together. However, the resin 
10 film itself is not heat-resistant, and the film is thermally 
decomposed at a low temperature (200 to 400 degrees 
centigrade), losing bonding force. 

Therefore, in the impregnation step 14 of the present 
invention, ceramics reinforcing liquid 3 is impregnated into 
15 the formed ceramic core 2. This ceramics reinforcing liquid 
3 is an inorganic binder. At the impregnation step, it is 
preferred that the liquid is impregnated in a pressure 
reduced vessel, so that air contained in the formed body 
(ceramic core) is replaced smoothly with the inorganic 
20 binder. This step should be operated for about 5 to 10 
minutes, for instance. 

Colloidal silica, silica precursor, alumina sol, 
yttrium oxide sol, niobium oxide sol, or zirconia sol, which 
form ceramics when sintered, is used as the ceramics 
25 reinforcing liquid 3. 

Although one of these ceramics reinforcing liquids is 
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sometimes used alone, some of them can be combined and used, 
if so required. 

The ceramics reinforcing liquid cannot be made 
satisfactorily heat resistant by impregnation alone. 
5 Therefore, in the sintering step 16 of the present invention, 
the impregnated ceramic core is sintered to enhance the heat 
resistance thereof. In this step, to remove the resin film 
by decomposing it thermally, the core is preheated to about 
200 to 400 degrees centigrade, and the core is then 

10 maintained at a high temperature for several hours according 
to the characteristics of the ceramics reinforcing liquid. 

Colloidal silica is composed of amorphous silica 
grains with negative charges that are diffused in water in a 
colloidal state. When such colloidal silica is dried, it 

15 turns into a dry gel, that is, a tough dry-gel solid. At 
about 800 degrees centigrade or more, silica grains are 
surface-bonded. When this colloidal silica is used, the core 
should be maintained at, for instance, 1100 to 1400 degrees 
centigrade for 2 to 3 hours. 

20 The silica precursor reacts water with a catalyst, and 

eventually becomes silica (Si0 2 ) . Also in the case of the 
precursor, surface bonding between silica grains occurs by 
heating in the same way as the colloidal silica. 

Alumina sol is liquid with colloidal alumina (A1 2 0 3 ) 

25 being diffused therein. If sintered at 800 degrees 

centigrade or less, the alumina sol becomes amorphous, and 
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if sintered at 1100 degrees centigrade or more, alumina sol 
changes into a -alumina with a high heat resistance. 

Yttrium oxide sol is aqueous solution composed of 
super-micro-granular yttrium oxide. If dried, the sol 
5 becomes amorphous powder, and if sintering the sol at 700 
degrees centigrade or more, the sol produces yttrium oxide 
having a cubic system. 

Niobium oxide sol is stabilized aqueous solution 
containing niobium oxide. When dried, the niobium oxide sol 
10 produces an oxide film with a high purity and a uniform 
composition. 

Zirconia sol is solution with diffused colloidal 
zirconia. By sintering the zirconia sol at a high 
temperature, the sol exhibits high resistance to heat. 

15 Preferably, in the aforementioned sintering step 16, 

from the thermal decomposition of the resin cover to the 
formation of the ceramics at the phase boundary, the entire 
surface of ceramic core 2 is held by heat-resistant powder 4. 
In other words, the impregnated ceramic core 2 is put into 

20 the heat-resistant powder to prevent the core from being 
deformed, and the ceramic core is heated together with the 
heat-resistant powder. 

After this sintering step 16, the heat-resistant 
ceramic core 5 is completed by removing heat-resistant 

25 powder 4 . 

Fig. 3 is a flow chart of the precision casting method 



that uses the manufactured heat-resistant ceramic core 5 
according to the present invention. As shown in 
Fig. 3, the manufactured heat-resistant ceramic core 5 is 
confined in wax 6 in a wax injection molding step (D), and a 
heat-resistant shell 7 is formed therearound in a shell 
forming step (E) . The wax 6 existing between this heat- 
resistant ceramic core 5 and the shell 7 corresponds to the 
shape of the cast component to be manufactured using a 
super-alloy. 

The wax 6 is molten and removed in a dewaxing step (F) . 
Subsequently, in a casting mold sintering step (G) , the 
heat-resistant ceramic core 5 and shell 7 are sintered and 
strengthened, in a casting step (H) , the super-alloy is cast 
between heat-resistant ceramic core 5 and shell 7, in a 
shell-removing step (I), the shell 7 is removed mechanically, 
and in a core removing step (J) , the heat-resistance ceramic 
core 5 is solved and removed by alkaline liquid. Thus the 
cast component made of the super-alloy is completed. 

Preferably, the metal of the cast component produced 
by using the aforementioned ceramic core is a heat-resistant 
alloy such as Ni group super-alloy and Ti alloy. 

As mentioned above, according to the manufacturing 
method of the present invention, an integrated, three- 
dimensionally shaped ceramic core for a heat-resistant alloy 
can be manufactured by specially treating the ceramic body 
produced by a powder lamination casting method, and the 



ceramic body can be used as the casting core for the heat- 
resistant alloy. 

In other words, according to the above-mentioned 
method of the present invention, because the ceramic core 
5 with the three-dimensional shape is formed by the powder 
lamination casting method, the core can be easily 
manufactured even if the shape is complicated. 

In addition, because the ceramics reinforcing liquid 
is impregnated into the formed ceramic core, and the core is 
10 sintered and the heat resistance thereof is bolstered, the 
ceramic core formed by the heat-vulnerable powder lamination 
shaping step is made heat-resistant, and can be used as a 
ceramic core for a heat-resistant alloy. 

In summary, the method of the present invention 
15 provides the following advantages. 

(1) A three-dimensionally shaped ceramic body can be 
formed integrally. 

(2) The ceramic body created by a low heat-resistant 
lamination shaping method can be used as the casting core of 

20 ceramics for a heat-resistant alloy. 

(3) The process of the method using a ceramic core in 
a conventional precision casting method can be used without 
modifications . 

Therefore, the heat-resistant ceramic core and the 
25 method of manufacturing a cast product thereof according to 
the present invention provide various advantages such that a 
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heat-resistant ceramic core with a complicated three- 
dimensional shape and applicable to the ceramic core for a 
heat-resistant alloy can be manufactured with excellent 
resistance to heat. 

Of course, the present invention is not limited to the 
aforementioned embodiments and examples, and can be modified 
in various ways without departing from the scope of the 
claims of the present invention. 



